Basement membrane zone gene expression by fibroblast cultures, established from individuals varying in age from 14 fetal weeks to 61 years, was examined by molecular hybridizations with human sequence specific cDNAs corresponding to type IV procollagen and laminin subunit polypeptides. Northern transfer analysis with poly(A)+RNA revealed the presence of specific mRNA transcripts for a1(IV) and a2(IV) chains of type IV procollagen as well as B1 and B2 chains of laminin. Laminin A chain mRNAs were not detected using the same RNA preparations. Quantitative estimates of the steady-state levels of type IV procollagen and laminin B asement membranes are specialized connective tissue structures separating epithelial or endothelial cell layers from underlying mesenchymal tissue in many organs [1 -3] . These structures are complex aggregates of both collagenous and non-collagenous glycoproteins. hi human skin, the basement membrane zone defines the boundary between the dermis and epidermis, and this structure serves as an attachment site for the basal keratinocytes [4] . The dermal-epidermal basement membrane also serves as a selective membrane regulating water loss, ion exchange, and protein transfer through the skin [5 -7] .
The major components of the basement membrane are type IV procollagen and laminin. Type IV procollagen, a heterotrimeric molecule, consists of two kinds of subunit a-chains, a1(IV) and a2(IV) [8, 9] . Laminin, the most abundant non-collagenous glycoprotein in basement membranes, consists of three different subunit polypeptides, designated A, B 1, and B2 chains [1, 10, 11] .
Metabolic labeling, immunoprecipitation, and immunofluorescence studies have suggested that both basal keratinocytes and fibroblasts in culture are capable of synthesizing type IV procollagen and laminin [12 -15] mRNAs indicated that they were of relatively low abundance, as compared with mRNA to type I procollagen. The expression of a1 (IV) and a2(IV) collagen genes was high in fetal fibroblasts but was reduced to low, yet detectable, levels in cultures established from 3-d to 61-year-old individuals. In contrast, the laminin B1 and B2 chain mRNA levels showed little age-associated variation within the cultures examined. These results provide evidence for differential regulation of the expression of different basement membrane zone macromolecules during chronologie aging. ] Invest D ermatol 93:127-131,1989 the sequences of human type IV procollagen a -chains [16, 17] and laminin subunit polypeptides [18 -20] has provided a means to examine the expression of these genes in cultured cells. Molecular hybridizations using the al(IV) and a2(IV) procollagen cDNA have revealed detectable mRNA transcripts in skin fibroblasts [16, 21, 22) , as detected by Northern transfer analysis. The presence of laminin B2 chain mRNA polymorphic transcripts has also been demonstrated in cultured human skin fibroblasts [18, 19, 22) . In this study, we have examined the expression of five basement membrane zone genes, viz those encoding the two subunits of type IV procollagen and the three subunit polypeptides of laminin in several fibroblast strains. Specifically, we have compared the abundance of the corresponding mRNAs in fibroblast cultures established from fetal skin with those established from individuals of varying ages.
MATERIALS AND METHODS
Cell Cultures Primary cultures of fibroblasts were established from 4-mm punch biopsies of apparently normal human skin and grown in plastic flasks in Dulbecco's Modified Eagle's medium, supplemented with 2 mM L-glutamine, 20 mM N-2-hydroxyethylpiperazine-2' -ethane sulphonic acid, pH 7.4, and 10% fetal calf serum. The primary cultures were passed by trypsinization, and secondary cultures were maintained in the same medium. Additional fibroblast strains were purchased from the American Type Culture Collection (Rockville, MD) or the Human Genetic Mutant Cell Repository (Camden, NJ) . All cell cultures were studied in passages 4-6. RNA Analyses Total RNA was isolated from fibroblast cultures at visual confluency by guanidinium isothiocyanate extraction and cesium chloride density gradient centrifugation [23] . The amount of RNA recovered was quantitated by the absorbance at 260/280 nm. Poly(A) +RNA was selected from the total RNA by chromatography 011 oligo(dT)cellulose [24] . 
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For qualitative assessment the fraction enriched in poly(A) +RNA was subjected to Northern transfer analysis using 1 % agarose gels containing 2.2 M formaldehyde [25] . The separated RNAs were transferred to nitrocellulose filters and hybridized with cDNAs, which were labeled with a[32P]dCTP by nick translation [26] to a specific activity of at least 1 X 10 8 cpmjJlg. Prehybridizations and hybridizations were performed as described previously [22] .
For quantitative measurements of specific mRNA levels, varying concentrations of total RNA or poly(A) +RNA were dotted onto nitrocellulose filters using a commercial vacuum manifold (Minifold II, Schleicher & Schuell, Keene, NH), and all filters were hybridized in para llel [27, 28] . The filters were exposed to X-ray films for 24 -168 h in cassettes equipped with intensifying screens, and the mRNA levels were quantitated from autoradiograms by scanning densitometry at 633 nm using a He-Ne laser scanner (LKB, Bromma, Sweden). The densitom.etric absorbance units, expressed as U j Jlg RNA dotted, were corrected for the specific activities and the sizes of the cDNAs used for hybridizations to facilitate comparison of the relative mRNA levels . The results were evaluated by Student's t-test.
eDNA Probes The following human sequence specific cDNAs were utilized for RNA hybridizations: A 2.6 kb cDNA (HT-21) for the pro-a1(IV) chain [16] ; a 1.7 kb cD NA (HT-39) for the pro-a2(IV) chain [1 7 ]; a 2.4 kb cDNA (ApB 1-3) for the laminin B 1 chain [1 9]; a 2.5 kb cD NA (ApB2-10) for the laminin B2 chain [1 9]; 0.7 kb cD NA (ApA-1) for the laminin A chain [19] ; a 1.3 kb cDNA (HF-77 1) for fibronectin [29] ; and a 1.8 kb cDNA (HF-677) for the pro-at (I) chain [30] .
RESULTS
Po ly(A) +RNA was isolated from a total of ten different human skin fibroblast strains, and the presence of type IV procollagen and laminin mRNA transcripts was first examined by Northern transfer analysis . Hybridizations with human sequence specific al(IV) and a2(IV) procollagen cDNAs revealed th e presence of 6.8 and 6.7 kb transcripts, respectively, in fibroblasts derived from fetal tissue (Fig  lA) . These transcripts could be detected in RNA preparations from fibrob lasts established from adult skin only when larger amounts of poly{A) +R NA (2.: 5 Jlg) were examined or upon extended exposure
(1 68 h as in Ref 22) of blots shown in Fig lA. Hybridizations with human laminin cD NAs detected 5.6 kb mRNA corresponding to the B 1 chain, and 5.5 and 8.2 kb polymorphic transcripts corresponding to th e B2 chai n [18 -20,22] , respectively (Fig IE) . However, hybridizations using a human laminin A chain cDNA did not detect mRNA transcripts in the expected -10 kb range in any of the cell strains examined or upon rehybridiza tion of the filters shown in Fig lA or B . These results indicate that the genes encoding type IV procollagen, as well as laminin Bl and B2 chains, are expressed in normal human skin fibroblast. To quantitate accurately the al (IV)ja2(IV) procollagen a chain and laminin BljB2 chain ratios, RNA preparations were subjected to slot-blot hybridizations. Slot-blot hybridizations utilizing type IV procoll age n cDNAs confirmed our initial findings from Northern blots that the mRNA steady-state levels in the two fetal fibroblast strains were considerably higher than in any of the postpartum cell strains studied (p < O.OOl) ( Table I ). In fact, the mean Table I • Poly(A) + RNA was isolated from cultured cel ls in passages 4 -6 by guanidinium isothiocyanate extrac tion, CsCl density gradient centrifugation and oligo(dT) cellulose chromatography. RNA, 1.0 -0.06I-lg, was dotted onto nitrocel lulose lilters and hybridized with 32P-labeled cDNAs. All hybridizations were performed in parallel using the same RNA preparations. abundance of al(IV) and a2(IV) chain mRNA in fetal cells was -12-fold and -five-fold higher, respectively, than the mean abundance of these mRNAs in the post-natal cells. This high level of expression of type IV procollagen was not unique to these two particular fetal fibroblast strains (IMR-91, 14 fetal weeks, and GM 6555, 20 fetal weeks) shown in Table I , as similarly high levels of type IV procollagen mRNA were noted in separate experiments using three other fetal fibroblast strains established from tissues in the 8th -12th weeks of gestation (data not shown) . The al(IV)/ a2(IV) chain ratio in fetal fibroblast strains was consistent with a 2: 1 stoichiometry noted on the protein level [8, 9] . However, with advanci ng age of the fibroblast donors, this ratio appeared to decrease, and the ratio in the cultures established from the 61-year-old donor was -1.0 (Table I) . Examination of laminin B 1 chain mRN A steady-state levels showed considerable variability among the different cell strains analyzed . However, the two highest values were noted in the fetal fibroblast strains, while the cultures established from the 61-yearold individual had the lowest abundance of laminin Bl chain mRNA (Table I) . No significant age-associated differences were observed in the steady-state levels of laminin B2 chain mRNAs ( Table I ). The ratio ofB l/B2 chain mRNA, calculated from these data, ranged from 1.2 to 3.1.
To examine the expression of type IV procollagen and laminin ge nes relative to type I procollagen genes, the abundance of the proal(I) chain mRNA was quantitated in the same RNA preparations used in the previous experiments. Previous observations have demonstrated that al(I) procollagen mRNA is the major collagenous gene product of cultured human skin fibroblasts [28, 31] , consistent with the fact that type I collagen is the major collagenous protein in human dermis [32] . Our results indicate that the steadystate levels of al(I) procollagen mRNA varied relatively little in these fibroblast cultures (Table I ). The age-associated alterations in the ratio ofal (IV) and lamininB2 chain mRNA in relation to i:d (I) chain mRNA levels are depicted in Fig 2. The results indicate that in fetal fibroblasts there is a significant amount of type IV procollagen mRNA relative to type I procollagen mRNA. However, in any of the post-partum fibroblast strains examined, the ratio of al (I V)/ al (I) was reduced as much as tenfold as compared with the feta l BASEMENT MEMBRANE GE NE EXPRESSION 129 cells. These findings suggest that type IV procollagen may be an important gene product in fetal cells. In contrast, no statistically significant difference between the fetal and post-partum cell strains was noted in laminin B2/al(I) mRNA ratio (Fig 2) .
DISCUSSION
The basement membrane is an acellular sheet-like structure which defines the boundary between the dermis and epidermis in the skin. This structure represents a complex of several glycoproteins and proteoglycans which associate with each other in a specific manner resulting in the form.ation of a biologically active structure. Because of the precise nature of the interactions between the macromolecules which make up this structure it might be expected that the expression of different components of the basement membrane zone wou ld be tightly regulated. However, the data from this study indicate that there is a differential regulation of the basement membrane molecules during chronologic aging. In particular, type IV procollagen mRNAs were of higher abundance in fetal cell cultures, w hile laminin subunit in RNAs showed little age-associated variation. Furthermore, the stoichiometry of the three laminin subunit mRNAs was not of the expected 1: 1 : 1 ratio. In fact, our data indicate that there is considerable variability in the steady-state levels of the laminin mRNA with A chain mRNA being present at levels that were below the limits of detection of these hybridizatio ns, while both B chain mRNA are readily detectable. These data are consistent with similar studies examining laminin expression in mouse and rat tissues and severa l cell strains [33 -36] . Our findings contrast the coordinate increase in the expression of all three laminin subunit mRNAs in differentiating mouse F9 and PYS terato carcinoma cell cultures [10, 34, 37] . It should be noted that our data are derived from stable, differentiated cell strains, and therefore, may reflect the in vivo situation in normal tissues. The coordinate expressio n oflaminin subunits in F9 cells, on the other hand, may be a response to differentiation of the cells.
An alternate explanation for our findings is that the mRNA steady-state levels of different laminin subunits do not reflect the actua l production of the corresponding polypeptides, suggesting regul ation at translational or post-translational levels. The possibility that th e production of all three laminin polypeptide subunits is approximately equal appears somewhat unlikely because immunoprecipitation of biosynthetically labeled laminin molecules from HT 1080 cells [38, 39] , amniotic epithelial cells [40] , dermal fibroblasts [14] , and choriocarcinoma cell [11] cultures has shown that the A chain polypeptides are synthesized in considerably SI1l.aller quantities than the B chains. Several investigators have suggested that the lower levels of laminin A chain polypeptides detected by iml11unoprecipitation could be the resu lt of proteolysis of A chains [41 ,42] . Our demonstration of decreased A chain mRNA levels, in acco rdance w ith previous observations [1 9 ], suggests transcriptional regulation of A chain production leading to reduced synthesis of this laminin component. However, our results do not rigorously rule out the possibility of an enhanced rate of proteolysis of newly synthesized A chains relative to B chains.
As mentioned above, the relatively high abundance of al (IV) and a2(IV) chain mRNAs in fetal fibroblast cu ltures suggests that these cells may be an important source of type IV procollagen during biosynthesis of the dermal-epidermal basement membrane in the developin g fetus. These data also suggest that dermal fibroblasts may be the cell type which produces the type IV collagen present in anchoring plaques, derma l structures that contai n both type IV and type VII procollagens [43] . As suggested by Keene et al [43] ' type IV procollage n in the dermal-epidermal basement membrane and in the anchoring plaq ues may serve as attachment sites for the carboxy-terminal extensions of type VII collagen. Type VII collagen molecu les are arranged in tissues in an anti-parallel dimer confi guration [44] , and this type of structural organization is thought to stabilize the attachment of the dermal-epidermal basement membrane to the underl yi ng dermis through associations with type IV procollagen. Thus, alterations in the expression, structure, or mo-lecul ar interactions of type IV and/or type VII procollagens could result in fragility of skin, as exemplified by epidermolysis bullosa, a group of heritable cutaneous disorders [45] .
As discussed above, our data indicate differential expression of type IV procollagen and laminin B chains in fibroblast strains established from donors of different ages . We have recently reported that the expression of al (IV) and laminin B2 chain genes at the mRNA level is uncoordinate in fibroblast cultures established from a patient with lipoid proteinosis, a heritable disorder of basement membrane accumulation in skin and vascular structures [22] . Specifically, the patient's fibroblasts contained over 4.5-fold higher steady-state levels of al(IV) procollagen mRNA than age-matched control cell cultures, while the laminin B2 chain mRNA levels were unaltered. These observations suggest that alterations in the expression of basement membrane zone genes can lead to clinically recognizable disease. The results of the present study further emphasize the importance of utilizing control cell cultures from properly agematched individual donors in the assessme nt of pathologic conditions affecting the basement membrane zone.
